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Few reports correlating specific cytogenetic abnormalities
with distinct subtypes of lymphoma have performed serial
studies at diagnosis and at tumor recurrence or progression.
In our file of 325 cytogenetically analyzed non-Hodgkin‘s
tymphoma (NHL) patients studied over the past decade, 43
had serial biopsies, 39 of whom had at least two successful
preparations; of the 43, nine had one and 32 had two or
more cytogenetically abnormal specimens. In this study, we
correlated cytogenetic, histopathologic, molecular, and clini-
cal parameters. Patients with low-grade lymphomas were
as likely as patients with intermediate- or high-grade
lymphomas to acquire new chromosomal abnormalities
with time (16 of 23 patients as compared with 7 of 16; P, =
.11, 3? test). In four patients, originally diagnosed indolent
disease progressed to aggressive disease; all had t(14;18), all
gained additional chromosomal abnormalities with disease
progression, and three of the four expressed abnormalities
associated with disease progression and/or short survival:
der(18), +7, and/or +12. Cytogenetic results from early dis-
ease were compared with those obtained later in disease:
in the t{14; 18) group, the most common abnormalities were
+7 {eight patients) and der{18) {five patients}, both seen later
in disease. The most common abnormalities in patients
without t(14;18) were 6q deletions; they were seen in both
early and late disease and were associated with significantly
shorter survivals (P, = .0014) comparsd with all patients
without 6q deletions. Secondary chromosomal abnormali-
ties, observed after at least one previous abnormal study,

EVERAL LARGE series of cytogenetic studies in
lymphoma have been reported.’”" In contrast to Hodg-
kin’s disease,' the non-Hodgkin’s lymphomas (NHLs) dem-
onstrate considerable histologic, immunologic, and cytoge-
netic heterogeneity. A number of consistent cytogenetic
abnormalities have been associated with particular subtypes
of lymphomas, such as the 14;18 translocation in follicular
lymphomas, the 11;14 translocation in mantle-cell lympho-
mas, 3q27 abnormalities in large-cell lymphomas, and 8q24
abnormalities in Burkitt’s lymphomas. Not only do these
characteristic abnormalities serve as markers for specific
types of lymphomas, but their identification has also led to
the discovery of important oncogenes (eg, myc, bcl-2, bcl-
1, and bcl-6) that are now implicated in the pathogenesis of
these lymphomas and other tumors.

Although it is well known that neoplasms acquire second-
ary cytogenetic abnormalities as they recur and/or progress,
only a few investigators®*® have reported serial studies with
tumor recurrence or progression in lymphoma. The investi-
gation of secondary changes is of interest with regard to the
potential prognostic implications of these changes; they may
also yield important information regarding genetic loci in-
volved in tumor progression. As there is little information
regarding the frequency and specificity of secondary changes
and their relationship to clinical course, we examined a series
of patients with multiple studies. In our file of 325 cytogenet-
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were seen in 19 of 22 t(14;18) patients and in 11 of 21 pa-
tients without t(14;18) and were associated with a poor
survival (P, = .13) compared with patients without any sec-
ondary chromosomal abnormalities. Chromosome 1 abnor-
malities were seen in almost half of the patients and were
observed in initial specimens and early in disease as well as
late in disease and as secondary abnormalities; 1q involve-
ment was more frequent than 1p (15 versus eight patients)
and was significantly associated with poor survival only in
patients with intermediate-/high-grade disease; the most
common breakpoints were 1g21-q22 (nine patients) and
1p36 (six patients). Breakpoints at 2q21 and 3427-q29 were
limited to patients with t(14; 18) and were almost exclusively
secondary in nature. Molecular studies in 24 of our patients
showed discrepancies with the cytogenetic results in only
three patients; two had t(14;18) but no molecular re-
arrangements while two patients had no visible t{14;18) but
were positive for major breakpoint region (MBR) re-
arrangement. The presence of MBR or minor breakpoint
cluster (MCRY) rearrangement had no apparent effect on sur-
vival. The most significant prognostic indicator was low-
grade lymphoma {P, < .0001). Age {P, = .012) and the pres-
ence of 1q (P, = .0026) in intermediate-/high-grade disease,
and the presence of t(14;18) in low-grade lymphoma (P, =
.035) were prominent prognostic variables in the two grade
categories.
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ically analyzed lymphoma patients studied over the past de-
cade, 43 had sequential biopsies. In this report, we compare
the results of cytogenetic, histologic, and molecular studies
in relation to clinical course, prognosis, and survival.

MATERIALS AND METHODS

Serial studies of lymph nodes or other involved sites were per-
formed on a total of 43 patients with NHL who were treated and
observed in the Medicine Branch, Clinical Center, National Institutes
of Health (Bethesda, MD). Of these 43 patients, 25 were classified
as low-grade, 10 as intermediate-grade, and eight as high-grade
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Table 1. Cytogenetic Specimens in Serial Studies

No. No. No. No.
Specimen Type Patients Specimens Succassful Abnormal*

Lymph node 43 99 86 69
Bone marrow 25 34 28 41
Peripheral blood 8 10 8 3t
Spleen 7 7 3 3
Pleural effusion 4 8 4 3
Ascites fluid 1 2 2 2
Cerebrospinatl fluid 1 2 o} g

® Cytogenetically abnormal.

t One patient had Burkitt’s lymphoma, two had bone marrow
involvement with ilymphoma, and one had a secondary hematologic
disorder.

+ One patient had Burkitt's lymphoma, one patient had lymphoma
involvement, and one patient had T-cell lymphoblastic lymphoma.

lymphoma. Biopsy materials were divided for histopathology, cyto-
genetic analysis, cell-surface marker analysis, and molecular gene
rearrangement studies. All patients were histologically classified ac-
cording to the International Working Formulation.'” Indolent
lymphomas include all low-grade categories of the Working Formu-
lation plus mantle-cell lymphomas, most equivalent to diffuse, small
cleaved cell type; aggressive lymphomas include intermediate- and
high-grade lymphomas. All lymphomas were immunophenotyped
according to previously published techniques. Early studies include
those done at diagnosis or within 1 month of diagnosis (case 32,
first studied at 2 months postdiagnosis, did not receive chemotherapy
before study).

A total of 99 lymph nodes were analyzed. In addition, samples
of bone marrow (total 34), peripheral blood, spleen, pleural effusion,
ascites fluid, and cerebrospinal fluid were also submitted for analysis.
The number of specimens for each type, as well as the numbers of
successful and abnormal specimens, are listed in Table 1.

Cytogenetic studies. Single cell suspensions of the lymph nodes
were obtained by a variety of techniques including mincing with
scissors, followed by passage through stainless steel mesh, use of a
homogenizer, or repeated aspiration through a 22-gauge needle. Use
of collagenase or other means of disaggregation are not deemed
necessary for this tissue. The lymph node cells were either processed
directly without culture or cultured in vitro for 1 to 5 days with and
without mitotic stimulation. Mitogens used included phytohemag-
glutinin (PHA), pokeweed mitogen (PWM), interleukin-2 (IL-2),
phorbol-12-myristate-12 acetate (TPA), and lipopolysaccharde
(LPS), which were added either singly or in combination. Epstein-
Barr virus (EBV) was used in a few selected B-cell malignancies.
In general, the most successful samples were those cultured for 1
to 2 days without mitogenic stimulation. Bone marrow samples were
processed directly and cultured in vitro for 1 day. The remaining
tissues were processed directly and/or cultured for 1 to 4 days. All
specimens were harvested according to standard techniques. One
air-dried slide was stained with the standard Giemsa stain and was
scored for modal chromosome number and frequency of chromo-
somal aberrations (breaks, fragments, rings, and minutes) that can
be difficult to detect in banded preparations. The remaining slides
were stained with Trypsin-Giemsa stain. A total of 20 to 30 meta-
phase cells were analyzed microscopically, and a minimum of five
cells were karyotyped for each sample when possible. Karyotypes
were prepared according to the International System for Human
Cytogenetic Nomenclature (ISCN)-Guidelines for Cancer Cytoge-
netics."?

Molecular studies. The involvement of bcl-2 and myc was as-
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sessed by Southern blot analysis as previously described.'® Involve-
ment of bcl-2 was assessed using probes to the major breakpoint
region (MBR), the minor breakpoint cluster (MCR), and a second
minor breakpoint located 5’ to exon 2 that has been reported to
occur rarely in follicular lymphomas and in about 5% of cases of
chronic lymphocytic leukemia (CLL). Involvement of myc was as-
sessed using a third exon probe.

Statistical methods. The probability of survival was calculated
using the Kaplan-Meier method,'® and the significance of the differ-
ence between pairs of Kaplan-Meier curves was calculated using the
Mantel-Haenszel procedure.'® The Cox proportional hazards model
was used to identify which factors are jointly significant in their
association with survival.'” The resulting model parameters (b;) were
converted to relative risks by computing exp(b;), where exp(a) =
2.7183%'" The 95% confidence interval for the relative risk was
computed as [exp(bi ), exp(bi)], where by, = b, — 1.96 [estimated
standard error (b;)] and by = b, + 1.96 [ estimated standard error
(b))]. The relative risk indicates the risk associated with dying while
being in a greater risk category compared with that of being in a
lower risk category. All P values are two-sided and denoted by P,.

RESULTS

All 43 patients had at least two successful studies (mean,
2.9 successful studies per patient; range, two to six. Of these
43 patients, nine patients had one study and 32 patients had
two or more studies showing cytogenetic abnormalities. The
numbers of successful and abnormal specimens for each type
of tissue studied are presented in Table 1. Of the 99 submit-
ted lymph nodes, 86 (87%) were successful, and 69 (80%)
of these were cytogenetically abnormal. Approximately half
of the spleens and effusions (various types) studied were
successful, and 8/9 of these showed clonal abnormalities.
Cytogenetic abnormalities were also seen in bone marrow
and peripheral blood in a few cases (see notes to Table 1
for diagnoses); a majority of the bone marrows studied (22/
34) were obtained at diagnosis or shortly thereafter and were
both morphologically and cytogenetically normal. The time
interval between specimen sampling in these patients varied
considerably: the time between the first and last sample
ranged from 4 to 159 months.

The 24 male patients and 19 female patients ranged in
age (at diagnosis) from 10 to 65 years (median, 40 years).
The median survival was 84.6 months (range, 5 to 197+
months). Using the Working Formulation, the 43 patients
were divided into lymphoma subtypes A through J according
to initial diagnosis and further subdivided into four cytoge-
netic groups according to the presence of certain clonal ab-
normalities: t(14;18), t(8;14), other abnormalities, and nor-
mal (Table 2). All but two patients (one each in groups B
and C) in the t(14;18) group and all three patients in the
t(8: 14) group exhibited other clonal chromosomal abnormal-
ities in addition to the specific translocation. The majority
of patients exhibited pseudodiploidy or hyperdiploidy, most
having 47 to 50 chromosomes; only three patients had hypo-
diploid clones, and three had tetraploid clones. Complete
cytogenetic results are presented in the Appendix (in the
same order as in Table 2), along with histologic diagnosis
for each specimen.

Patients with the t(14; 18) translocation had primarily low-
grade lymphoma (18 of 22 patients), while all three patients
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Table 2. Serial Studies: Summary of Cytogenetic Resutts According to National Cancer Institute Working Formulation of
Non-Hodgkin’s Lymphomas for Clinical Usage

Working Formulation t(14;18)* 18 14t Other Abnormalities Normal

Low grade

A. Small lymphocytic 3 (72) 1(122+)

B. Follicular, predominantly small cleaved cell 8 (110} 1 (61+)

C. Follicular, mixed small cleaved and large-cell 10£ {110} 1 {20) 1 (864}
Intermediate grade

D. Follicular, predominantly large-celi 1 (69+)

E. Diffuse, small cleaved cell

F. Diffuse, mixed small cleaved and large-cell 1 (18)

G. Diffuse, large-cell 28 (48)

Malignant lymphoma, NOSj| 1 (8) 4 {31)
19 (31)

High grade

H. Large-cell, immunoblastic 2 (22)

|. Lymphoblastic 3 (50)

J. Small noncleaved celi 1 (12) 1 () 1# (100+)
Total no. patients 22 3 16 z

Numbers in parentheses are median survivals.

® All patients with 14;18 had additional clona! chromosomal abnormalities, except one patient each in groups B and C.
t All patients with 8;14 had additional clonal chromosomal abnormalities.

1 One patient had a complax 14;18 translocation: t3; 14){14; 18){q29;q13q32;q21).

§ One patient had a complex 14;18 transiocation: t(14;18; 1)(q32;q21:q31).

|| Wiscott-Aldrich syndrome — malignant lymphoma with plasmacytoid features, not further subclassified.

4 This patient had a complex 8; 14 translocation: 1(6;8;14)(p21;q24,;q32).

# This patient later had lymph node diagnosed as lymphoid hyperplasia (survival, 100+ months).

with t(8;14) had more aggressive disease. Three patients
had complex t(14;18) or t(8; 14) translocations: case 33 had
t(3;14)(14;18)(q29;q13q32;q21) (Fig 1), low-grade follicu-
lar lymphoma (group C) and a survival of 142+ months; case
15 had t(14;18;1)(q32;q21;q31), large-cell immunoblastic
lymphoma (groups H — D) and a survival of 31 months;
and case 28 had t(6;8;14)(p21;q24;932), Wiscott-Aldrich
syndrome and an unclassifiable lymphoma with plasmacy-
toid features, histologically intermediate grade, and a sur-
vival of 31 months. Case 30, with large-cell anaplastic Ki-
1 lymphoma, had multiple abnormalities of chromosome 2,
including der(5)t(2;5) (p23;935), an abnormality reported in
several cases of Ki-1 lymphoma.'*?° Case 32, with angioim-
munoblastic lymphadenopathy (AILD)-like T-cell lym-
phoma had del(8)(p21).

Of the five patients (cases 4, 24, 33, 36, and 41) with long
survivals (142+ to 197+ months), all had t(14;18) (one was
a complex translocation); two cases had t(1;12)(q21;q24)
(Fig 1); and +7, —20, +21 were each seen in two patients.
All five patients were originally diagnosed with indolent
low-grade lymphoma. Five patients (cases 7, 10, 30, 35, and
40) had short survivals {median survival, 10 months; range,
5 to 12 months). All had multiple structural abnormalities,
and although no specific common breakpoints were noted in
these patients, all five had breakpoints in chromosome 1 (the
breakpoint was different in each case, involving 1p in two
patients and 1q in three patients). Two of the five patients
had t(8;14), two had involvement of 13q13-14, one had
t(14;18), and one had a homogeneously staining region on
chromosome 11q (Fig 2).

In four patients, originally diagnosed indolent disease pro-
gressed to aggressive disease. All four had t(14;18), and all
gained additional chromosomal abnormalities with disease
progression. Other than the t(14;18), no abnormality was
common to all four patients: two patients had secondary
der(18), and one of these patients also had a 6q deletion,
+7, and +12. A third patient had +7, +12, and +18.

Summarized in Table 3 are the most common abnormali-
ties seen in patients with and without t(14; 18) in early studies
and studies performed later in the disease. The most common
were those observed in t(14; 18) patients later in their disease:
+7 (eight patients), der(18) (five patients), and breakpoints
at 1p36 and 6q13 (four patients each). Chromosomal instabil-
ity did not appear to be greater in any particular subgroup
of patients,

The frequency of secondary chromosomal abnormalities (ie,
changes observed after at least one previous abnormal study) is
shown in Fig 3: 19 of 22 patients with t(14;18) and 11 of 21
patients without t(14; 18) demonstrated such changes (P, = .015
X test). The only breakpoints involved in structural changes that
were observed in more than one patient were 1p36 (four pa-
tients), 2q21 (three patients), and 6q13-14 (three patients) in
patients with t(14;18), and 3p26 and 3g24 (two patients each)
in patients without t(14;18). The most frequent numerical sec-
ondary changes involved chromosomes 7, 20, 21, and 22 in
patients with t(14;18). Five patients showed duplication of the
18q chromosome, termed der(18) in this report, derived from
t(14;18) (q32;921): in four of five patients it was seen later in
disease, and in two of five it was seen as a secondary change.
It was not associated with a shortened survival (median survival,
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Fig 1. Karyotype from case 33 from a lymph node diagnosed as malignant lymphoma, follicular, mixed small-cell and large-cell (95 months
after original diagnosis): 46,XX,t(3;14)(14;18)(q29;q13q32;q21),del(6)(q21),+der(12)t(1;12)(q21; q24),—-15.

84 months; median survival after first observation of the 18q,
30 months). The only other recurring secondary structural abnor-
malities were del(6)(q13) (three patients) and i(6p) (two patients).
Figure 4 shows the overall breakpoint distribution in the
43 cases in this series (leukemic breakpoints in case 13 are
not included). The most common breakpoints are, of course,
14932 and 18q21 as a result of the 14;18 translocation,
followed by breaks at 1g21 (eight patients), 1p36 (six pa-
tients), and 6q21 (five patients). Of a total of 13 patients
with breaks in 6q, from 6q13 to 6q27, 10 exhibited 6q dele-
tions (cases 1, 5, 10, 11, 15, 18, 19, 26, 33, and 38).
Immunophenotyping studies. ~ All but five patients had B-
cell lymphoma. The exceptions were three cases of precursor
T-cell lymphoblastic lymphoma (cases 17, 23, and 38), one
case of AILD-like T-cell lymphoma (case 32), and one case
of Ki-1+, T-cell, large-cell anaplastic lymphoma (case 30).
Molecular breakpoint studies. A total of 24 patients
were studied for bcl-2 rearrangement (Table 4). Thirteen
patients had breaks in the MBR, and five patients were posi-

tive for breaks in the MCR. One patient (case 29) with no
t(14;18) showed no detectable breakpoint in any of the
known regions. Cases 22 and 26 were positive for MBR
rearrangement yet showed no detectable chromosome 14;18
rearrangement. On the other hand, cases 2, 35, and 43 all
exhibited t(14;18) but were negative for molecular evidence
of breaks in MBR and MCR. These three cases were further
analyzed for bcl-2 breakpoints in the rare 5’ breakpoint clus-
ter and were negative.

Survival analysis results. The results of survival analysis
of a number of parameters, including lymphoma stage and
the most common recurring chromosomal abnormalities, are
shown in Table 5 and Fig 5 through 9. The most significant
factor was disease grade: low- versus intermediate-/high-
grade (P, < .0001; Fig 5). When intermediate- and high-
grade were compared, no significant difference was found
(P, = .76), so they were combined. When the significance
of t(14;18) alone, regardless of grade, was examined, its
presence was a significant positive survival factor (P, =
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Fig 2. Karyotype from the peripheral blood of case 40 with Burkitt's lymphoma (5 months after diagnosis): 46,XX,der(7)t(2;7)(q32;q32),

t(8;14)(q24;q32),der(11)t(11;HSR; 2)(q23; HSR; q33),der(17)t(2;17)(q32; q21).

.0003); however, t(14;18) was found to be significant only
in low-grade disease where patients with the t(14;18) had a
better survival than those without this translocation (P, =
.021; Fig 6). A number of chromosome | parameters were
studied, including involvement of the whole chromosome,
1p, 1q, 1p36, and each type of aberration as a primary or
secondary abnormality, and by disease grade. The most sig-
nificant parameter was 1q involvement in intermediate-/high-
grade disease: patients with 1q abnormalities had a shorter
survival than those without 1q abnormalities, P, = .0078
(Fig 7). Studies of 6q abnormalities, including translocations,
deletions, and specific breakpoints, revealed the most sig-
nificant to be 6q deletions: patients with a 6q deletion but
no t(14;18) (all were intermediate-/high-grade) had a sig-
nificantly shorter survival than patients without this deletion
(P, = .0014), or those with the deletion and t(14;18) (P, =
.013; all were low-grade). One of the primary reasons for
conducting serial studies was to determine the prognostic
importance of secondary chromosomal abnormalities. As can
be seen in Fig 9, the development of such abnormalities was

a negative prognostic indicator (P, = .13). Trisomies of
chromosomes 7 and 12 and tumor progression were not
noted to be significant prognostic factors in this group of 43
patients.

Because of obvious prognostic differences between low-
grade and intermediate-/high-grade NHL, separate Cox mod-
els were constructed for these two groups of patients (Table
6). For the intermediate-/high-grade patients, both age (=29
years) and the presence of chromosome 1q abnormalities
were significant negative prognostic factors (P, = .012 and
.0026, respectively). The Cox model for the low-grade pa-
tients indicated that only lack of t(14;18) was a significant
negative prognostic factor. A model including this transloca-
tion plus age did show some effect of age (less than 29
years) as being a negative prognostic factor (P, = .081),
along with a lack of t(14;18) (P, = .011).

DISCUSSION

The goal of this study was to examine sequential alter-
ations in the cytogenetic profile of NHL over time. Our
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Table 3. Most Commeon Chromosomal Abnormalities:
Early Versus Later Studies

Patients with t(14;18) (22 patients)
Early study: 9 patients {7 aneuploid, 1 normal, 1 no mitoses)
2 patients: +21, 1q21
Later study: 22 patients {21 aneuploid, 1 normal}
8 patients: +7
5 patients: der(18)
4 patients: 1p36, 6q13
3 patients: +X, +12, +20, +21, +22, 1q21 [two patients with
t(1;12)(q21;q24)], 221
2 patients: +2, +5, +8, +9, +11, +13, +15, +17, —17, +18, —-20,
3p21, 3922, 3g29, 6921, 6q23, i(6p), 11p15, 12q13
Patients without t{14;18) (21 patients)*
Early study: 17 patients (12 aneuploid, 4 normal, 1 no mitoses)
3 patients: 1q21, 6q22-q24
2 patients: +X, +3, +5, +8, +12, —15, +16, +18, 3p13-p14
Later study: 22 patients {18 aneuploid, 3 normal, 1 no mitoses)
5 patients: 6g21-22
3 patients: +3, —18, 11g22-q23
2 patients: +2, +12, —14, +18, 1p36, 121, 1925, 2p25, 3p13-
p14, 3p21-p22, 3p26, 7p15, 13q13-q14, 20913

Listing of particular chromosome bands refers to breakpoints dus
to deletions, translocations, inversions, or duplications. Early study:
within 1 month of diagnosis; does not include initial normal bone
marrows.

% Three patients had t(8;14)(q32;q21) or variant t(6;8;14)
(p21;q24;932).

studies show that successful serial cytogenetic examinations
can be performed in a majority of lymphoma patients: 80%
of the successful lymph node samples were karyotypically
abnormal, and 41 of 43 patients had at least one abnormal
sample, with 32 patients exhibiting two or more abnormal
samples. The t(14; 18) translocation, which is associated with
follicular B-cell lymphoma, is the most frequent chromo-
somal abnormality in NHL. We observed this translocation
in 22 of our patients, most of whom (18 of 22) had low-grade
disease, either small cleaved cell or mixed small cleaved and
large-cell follicular lymphoma. None of these patients were
observed to have lost this translocation in subsequent sam-
pling, and all but two of the patients showed additional clonal
chromosomal abnormalities, either initially or later in the
disease. The presence of t(14;18) was a significant positive
prognostic indicator, especially in the low-grade lymphomas
(Fig 6).

The most common chromosomal abnormalities observed
in our patients, both with and without t(14;18), are shown
in Table 3. In studies done early in the disease (within 1
month of diagnosis) in patients with t(14;18), the most fre-
quent additional abnormalities were +21 and involvement
of 1g21 (two patients each). In follow-up studies performed
later in the disease in the t(14; 18) patients, the most frequent
abnormality was +7 (eight patients), followed by der(18)
(five patients), breakpoints involving 1p36 and 6q13 (four
patients each), breakpoints at 1921 and 2921 and gain of X,
12, 20, 21, and 22 (three patients each). Most patients ac-
quired additional (secondary) chromosome abnormalities as
their diseases progressed. Although no correlation could be
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made between the type of abnormality and (1) the specific
treatment (chemotherapy or radiation) the patient had re-
ceived or (2) response to treatment, the acquisition of sec-
ondary abnormalities was a significant negative prognostic
indicator (Fig 6). Secondary chromosomal changes were
seen more frequently in patients with «(14;18) (19 of 22
patients) than in patients without this translocation (11 of 21
patients; Fig 3). The additional abnormalities varied consid-
erably from patient to patient, and only a few were seen in
more than two patients. All four patients whose lymphoma
progressed from indolent to aggressive disease had t(14;18),
and all acquired additional clonal abnormalities during the
course of their disease. A der(18) was seen in two patients,
one of whom also had deletion of 6q, +7, and +12. A third
patient had +7, +12, and +18 (among other chromosome
gains). All of these abnormalities have been associated with
disease progression and/or short survival.**' However, none
were of prognostic significance in this group of patients (+7,
P, = .26; +7 as secondary abnormality, P, = .23; +12, P,
= .49; +7 v no +7 in low-grade versus intermediate-/high-
grade, P, = .97 and .67, respectively).

Twenty-one patients in the present study had chromo-
somal abnormalities without t(14; 18). In early studies (Table
3), breakpoints at 1q21 and 6q22-q24 were seen in three
patients each, while +3, —18, 6q21-q22, and 11922-q23
were most involved (three to five patients each) in the studies
performed later in the disease.

Structural abnormalities of chromosome 1 are found in
many malignancies, and have been observed in 25% to 50%
of NHL patients.? In the present series, almost half of the
patients had chromosome 1 abnormalities: 10 of 22 patients
with t(14;18) and 9 of 21 patients without t(14;18). The
most frequently reported breakpoint is 1p36, which has been
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Fig 4. Breakpoint distribution in 43 patients with O
serial lymph node studies (leukemic breakpoints in
case 13 are not included). Each dot represents one
patient; each star represents fiva patients.

associated with t(14;18).%'® Six of our patieats {cases 5, 10,
12, 14, 25, and 36) had breakpoints involving 1p36: four of
them had t(14; 18), and in three of these four, it was seen as
a secondary change. Histologic type in the six patients
ranged from low-grade to high-grade, and only one patient
had a short (9 months) survival. Abnormalities of 1q were
actually more frequent in this study (15 patients v eight with
1p involvement), with the most common breakpoint being
1g21-g22, seen in nine patients. Five of the nine had
(14, 18), low- to high-grade lymphoma, and long survivals
(greater than 90 months in four of the five cases). One of
the five patients showed tumor progression, and two other
patients, both of whom had long survivals, had
t(1;12)(g21;924). All four cases of 1q21-q22 without
t(14,18) either presented with (two patients) or progressed
to (two patients) intermediate- or high-grade histology. Also,
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all five cases with short survivals had chromosome 1 involve-
ment; however, no two breakpoints were the same. Chromo-
some 1 aberrations are thought to be secondary in nature and
are considered part of clonal evolution," but we observed 1q
abnormalities within 1 month of diagnosis in 6 of the 15
patients with 1q involvement. Other reports have indicated
their association with poor prognosis and short survival.®®
Our studies indicate that 1q involvement is significant only
in patients with intermediate-/high-grade lymphoma (P, =
0078 versus P, = .82 in low-grade lymphoma; Fig 7).
Deletion of 6q is frequently found in lymphomas and
in other lymphoid malignancies, such as acute lymphocytic
leukemia (ALL) and CLL. In most cases, it is one of several
aberrations and is not specific to any particular subtype of
NHL.” Yunis et al*' determined that, when accompanied by
complete or partial trisomy 7 and/or trisomy 12, deletion
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Table 4. Molecular Breakpoint Correlation: t(14;18) and bcl2 Rearrangement

Survival
Patient No. Diagnosis Cell Phenotype Cytogenetic MBR MCR {mos)
1 Follicular lymphoma B 1(14;18) + - 93
2 Follicular lymphoma B t(14;18) - - 119+
3 Follicular lymphoma B t(14;18) + - 128+
4 Follicular lymphoma B t(14;18) - + 181+
5 Follicular lymphoma B 1(14;18) + - 92+
8 Follicular lymphoma B t(14;18) - + 69+
1" Follicular lymphoma B t{14;18) + - 110+
13 Diffuse mixed lymphoma — t{14;18) + - 64
14 Follicular lymphoma B t(14;18) + - 64+
15 Large-cell lymphoma B t(14;18) NA NA 31
16 Follicular lymphoma B t(14;18) + - 110
22 Follicular lymphoma B — + - 86+
24 Small noncleaved lymphoma B 1(14;18) + - 180
25 Follicular lymphoma B 1(14;18) - + 30+
26 Follicular lymphoma B —_ + - 20
29 Smail lymphocytic B No 14g+ - - 72
33 Follicular lymphoma B t(3;14;18) - + 142+
35 Small noncleaved lymphoma B t(14; 18} - - 12
36 Follicular lymphoma B t(14;18) + - 158+
37 Follicular lymphoma B 1(14;18) + — 75
39 Follicular lymphoma B t(14;18) - + 56
41 Follicular lymphoma B 1(14;18) - - 197 +
42 Follicular lymphoma B t(14;18) + - 122+
43 Follicular lymphoma B t(14;18) - - 77+
Abbreviation: NA, not adequate.
Table 5. lustrative Survival Results in 43 Cases of Lymphoma
3-Year Estimate 6-Year Estimate
Curve Description No. of Patients % (5% CI) % (95% C1) P,
Low-grade 25 96.0 (80.5; 99.3) 83.6 (64.6; 93.4)
Int/high 18 38.9 (20.3; 61.4) 27.8(12.5;50.9) <.0001
Low grade; no t(14;18) 7 85.7 (48.7; 97.4) 53.6{21.3; 83.1) > 021
Low grade; t{14;18) 18 100 (NA) 94.4 (74.2; 99.0)
Int/high; no t(14;18) 14 35.7 (16.3; 61.2) 14.3 (4.0; 39.9) > 45
int/high; t(14;18) 4 50.0 {15.0; 85.0} 25.0 (4.6; 69.9)
Low-grade; no iq 18 94.4 (74.2; 99.0) 83.0 (60.0; 94.0) > 82
Low-grade; Iq 7 100 (NA) 85.7 (48.7; 97.4)
Int/high; no Iq 1 54.6 (28.0; 78.7) 27.3(9.7;56.6} > 0078
Int/high ig 7 14.3(2.6;51.3) (NA)
Low-grade; no 6q de! 20 100 (NA) 90.0 (69.9; 97.2) > 70
Low-grade; 6q del 5 80.0 (37.6; 96.4) 80.0 (37.6; 96.4)
int/high; no 6q del 13 38.5{17.7; 64.5} 23.1(8.2; 50,3} > 47
Int/high; 6q del 5 40.0(11.8; 76.9) {NA)
No 6q deletion 33 75.7 (59.0; 87.2) 60.0 (42.9; 75.0)
6q del; no t(14;18) 5 40.0(11.8;76.9) (NA) *
6q del; 1{14;18) 5 80.0 (37.6; 96.4) 80.0 (37.6; 96.4)
No +7 34 67.7 (50.8; 80.9) 49.7 (33.7;65.7) > 2%
+7 9 88.9 (56.6; 98.0) 77.8 (45.3;93.7)
No secondary abnormality 12 83.3 (65.2; 95.3) 66.7 {39.1; 86.2) > 13
Secondary abnormality 31 67.7 (60.1; 81.4) 51.2 (34.3; 67.8)

Abbreviations: Cl, confidence interval; Int/high, intermediate-/high-grade; NA, not applicable.
® See fegend to Fig 8 for P, values.
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Fig5. Actuarial survival from time of diagnosis of 43 patients with
lymphoma: low-grade (®) versus intermediate-/high-grade (O; 9 of
25 patients died v 15 of 18 patients died, respectively).

of 6q was associated with aggressive mixed- or large-cell
follicular lymphoma, and Offit et al® concluded that breaks
at 6q21-q25 predicted a decreased probability of achieving
remission. Although some have suggested that 6q deletions
are associated with previous treatment® or immunoblastic
lymphoma,” the findings of Hammond et al'® suggested an
association with low-grade disease. A total of 13 patients in
our series had involvement of 6q (from 6q13-g27), 10 of
whom had 6q deletion. No correlations among lymphoma
histology (low-grade to high-grade lymphoma), presence of
t(14;18), or survival (median, 46 months; range, 9 to 142+
months) were noted in these patients when taken as a whole.
However, when the t(14;18) and non-t(14;18) groups were
examined separately, it was observed that patients without
t(14; 18) were more likely to have a 6q deletion in the initial
sample and early in the disease (three of the five patients
versus none in the 14;18 group) and that they were more
likely to have intermediate- or high-grade histology and
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Fig 6. Actuarial survival from time of diagnosis of 43 patients with
fymph ab and pr of the transiocation t(14;18)} in
low-grade versus intermediate-/high-grade; in low-grade, t{14;18)
(O) versus no t{14;18) (@), P, = .021; in intermediate-/high-grade,
t(14;18) (W) versus no t{14;18} {0}, P, = .45.
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Fig 7. Actuarial survival from time of diagnosis of 43 patients with
lymphoma: absence and presence of chromosome 1q involvement
in low-grade versus intermediate-/high-grade; in low grade, 1q (O)
versus no 1q (@), P, = .82; in intermediate-/high-grade, 1q (H) versus
no 1q {0}, P, = .0078.

shorter survivals than the 6q— patients with t(14;18) (me-
dian, 22 months v 93 months). When various 6q parameters
were examined for prognostic importance, the most signifi-
cant was the presence of a 6q deletion in patients without
the t(14;18) (Table 5 and Fig 8). Five of the 10 patients with
6q deletions had +7 and/or +12; their survivals were not
particularly shorter than the other patients with 6q deletions.

Trisomy 7 is one of the most frequent numerical abnormal-
ities in NHL and is most often an additional aberration. In
our series, +7 was associated almost exclusively with
t(14;18) (eight of nine patients); it was the single most fre-
quent abnormality seen in later disease (eight patients; Table
3) and the most frequent secondary chromosome abnormality
(Fig 3). In their study of 434 NHL patients, Offit et al® noted
that +7 was more frequent in intermediate- to high-grade
tumors and less frequently seen in low-grade tumors. In
contrast to their findings, eight of our nine patients with +7
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Fig 8. Actuarial survival from time of diagnosis of 43 patients with
lymphoma: absence of 6q deletions, ®; presence of 6q deletions with
t(14;18), J; presence of 6q deletions without t{14;18), O. @ versus O,
P, = .0014; @ versus (J, P, = .59; (] versus O, P, = .013.
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Fig 9. Actuarial survival from time of diagnosis of 43 patients with
lymphoma: absence (@) and presence (O) of secondary chromosomal
abnormalities (5 of 12 and 19 of 31 patients died, respectively).

originally presented with low-grade tumors; at the time +7
was observed, five of these patients still had low-grade tu-
mors, either follicular small cleaved cell or mixed small
cleaved and large-cell. However, two of these five patients
showed disease progression to intermediate-grade (follicular,
predominantly large-cell). The median survival in these nine
patients was 106.2 months (range, 30 to 182 months). Al-
though +7 was observed in the initial study in four patients,
in all nine patients the sample was obtained later in the
patients’ diseases. Statistical analysis of +7 showed little
prognostic significance, either as a primary (P, = .26) or as
a secondary abnormality (P, = .23), regardless of grade (low
grade, P, = .97; intermediate-/high-grade, P, = .67). The
epidermal growth factor receptor is located on chromosome
7, and, because +7 is also seen in other malignancies such
as melanoma and renal cell carcinoma® and appears to be
associated with late stage disease, it has been suggested that
the presence of +7 may confer a selective growth advantage
in malignant cells. Levine et al® found an association between
+7 and breaks in 17q21-25 in follicular large-cell
lymphoma. Only two of our patients had 17q breakpoints,
neither of whom had +7, t(14;18), or follicular lymphoma.

A der(18), duplication of the 18q marker chromosome
derived from the t(14;18) translocation, was seen in five
patients in this series; a sixth patient had +18. Yunis et al*
observed that complete or partial trisomy 18 was associated
with large-cell lymphoma. In the current series, however,
five of the six patients with additional chromosome 18 mate-
rial had follicular lymphoma, mixed small cleaved cell and
large cell. In three patients it was seen in the initial speci-
mens, two of which were obtained in early disease. In the
other two patients, it was a secondary abnormality observed
later in disease. Median survival for these six patients was
102 months; however, median survival after first observation
of der(18) was 30 months. It appears that this abnormality
is associated with disease progression (two of our patients
progressed to follicular, predominantly large-cell, and a third
patient progressed to high-grade lymphoma); however, the
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presence of der(18) had no significant effect on overall sur-
vival (P, = .56).

Other abnormalities of interest seen in several patients
each included breaks at 2q21, 3q27-q29, and 11q22-q25.
Three patients (cases 1, 5, and 39) had breaks at 2q21. All
three had low-grade follicular lymphoma and t(14;18). Sur-
vivals ranged from 56 to 93 months, and in all cases, the
2q21 abnormality was seen as a secondary change later in
disease. Only Levine et al® have noted 2q changes in
lymphoma, and in their patients it was associated with dif-
fuse large-cell lymphoma. Abnormalities of 3q27-q29 were
noted in three of our patients (cases 1, 15, and 33). All three
had t(14;18), all showed 3q involvement later in disease,
and in two of the patients, it was a secondary abnormality.
Lymphoma type and survival were variable. Previous re-
ports?? have implicated 3q27 involvement in B-cell NHL..
Offit et al*® found 1(3;22)(q27;q11) to be associated with
diffuse, predominantly large-cell NHL, with no effect on
survival, and Bastard et al*® reported 3q27 in both diffuse,
large-cell-type and follicular lymphoma, t(3;14)(q27;932)
being the most common translocation. More recently, Offit
et al”” have studied the clinical outcome of 23 cases of diffuse
large-cell lymphoma with bcl-6 rearrangements that in-
volved cytogenetic 3q27 translocations in 11 cases. These
lymphomas had a propensity to involve extranodal sites and
had a better prognosis than large-cell lymphomas without
bcl-6 rearrangements. None of these cases had t(14;18).

Five of our patients (cases 6, 8, 9, 34, and 40) had breaks
in the 11923-g25 region; one case had Burkitt’s lymphoma
and a complex translocation with an HSR, 1(11;HSR;2).
Histologic type, clinical course, and survival were highly
variable in the five patients: 11q abnormalities were seen
early and later in disease, as both initial and secondary aber-
rations, and with and without t(14;18). Involvement of {1q
has been reported infrequently in lymphoma, with most cases
exhibiting breakpoints more proximal to the centromere at
either 11q13% or 11g21.%%

Figure 4 shows the overall breakpoint distribution in the
43 cases in this series. Chromosomal translocations can be
detected with DNA probes in Southern blot analysis without
the use of conventional cytogenetics. The bci-2 gene of chro-
mosome 18 is translocated adjacent to one of the J genes
on chromosome 14 in follicular lymphoma.*"** The value of
a translocating chromosomal probe is exemplified with the
bcl-2 gene, whereby DNA hybridization of patient samples
serves as an indicator that a t(14;18) translocation has oc-

Table 6. Results of Cox Proportional Hazards Mode! Analysis

Parameter 95% CI
Variable Estimate P BR for AR
Low grade
No t(14;18) 1.53 .035 4.62 1.67, 54.8
Intermediate/high grade
Age =28 yrs 0.74 .012 2.10 1.18, 3.74
19 2.24 0026 9.39  2.20, 40.06

Abbreviation: RR, relative risk.
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curred. Using a battery of probes (MBR and MCR), we
compared the molecular rearrangements with the cytogenetic
results in 24 cases; all but two patients in this group had
t(14;18) (Table 4). Only a few discrepancies between the
molecular and cytogenetic results were noted: two patients
had t(14;18) but no molecular rearrangements (either at
MBR or MCR), while two patients (cases 22 and 26) had
no visible t(14;18) but were positive for MBR re-
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arrangement. The presence of MBR or MCR rearrangements
appears to have no effect on survival (P, = 60 and P, =
.57 for MBR and MCR effect, respectively). Whether or not
these patients had breaks and rearrangements in areas outside
of the regions easily screened by the available probes re-
mains to be determined, but other reasons for the survival
benefits, if any, of the presence of rearrangements should be
investigated further.

APPENDIX

Cytogenetic Results in Serial Lymph Node Studies in 43 Patients Studied Between 1981 and 1991
by Pathologic Classification According to Initial Diagnosis

No. mos
Survival No. of Post-
Case No. (mos)*  Specimenst Diagnosist diagnosis Cytogenetic Results (clonal abnormalities)§
Low grade
12 84 4 A 77 45,XY,t(1;2}(p36;q22),—8,—18/46,XY t{2;13{q22;q34)
H 81 90-92,XXYY del(1)(q21),i{(1q),t{1;3}p11;p26),1(2;6)(q37;p21},del(3)(p21)
34 46 3 A 1 47-48,XX,+9,+13,+20
A 14 46,XX/46,XX,del{11){q22)
21 122+ 2 A 51 46,XX
A 57 46,XX
29 72 5 A 42 No 14q+ (poor}
42 NM (Sp)
F 63 NM
F 70 46,XX,1(2:6)(q31,;927),4(6;9Kq21;q13) (BM)
3 128+ 2 B 1 46,XX,+16,—22,1(14;181q32:q21)
48 46,XX
4 181+ 3 (initial diagnosis: B)
C 76 NM
D 102 49-51,XXXX,+1,+7,47;11){p15;q13).4(9;11)(p24;q13),1(14;18)(q32:921),+ 13,— 14,~17,—-20
5 92+ 4 B 0 48,XY,—6,+12,der(13)t(1;134q21,932),- 13,t(14;18)(q32;921),+ 17,+19,+21
B 84 48-50,XY,t(1;2}(p36;921),+del(6)(q13),+i(6p),+7,-13,t(14,;18}{q32;921},+20,-21
1 110+ 4 C 37 47, XXX,1(6;8}(q13;p23),1(14;18)(q32;q21)
B 83 46,47,XX,1(14;18)(q32;q21),+21
B 102 47,XX,+del(6)(q13),del(9){p12)(x2),1(14,18)(q32;q21),+18,—19,~19,+21,-22
16 110 7 B 75 46,XY/46,XY,t(14;18)(q32;g21) (BM)
B 79 46,XY (BM)
{leukemic phase} B 93 NM (PB}
94 46,XY (PB)
C 94 NM (LN-frozen)
(o 108 46,XY.1{14;18)(q32;921) (Sp)
o 112 46,XY (PB)
3N 76+ 2 B 0 46,XX/47,XX,+9
B 42 48,XX,+9,1(14;18)(q32;921), +der(18)
36 158+ 6 B 12 NM
B 32 46,XX,1(14;18)(q32;g21)
B 63 46,XX.1(14;18)(q32;921)
[ 78 NM
Cc 98 46,47, XX t(1;5)(p36:q13).1(5;6}(q13,;q23),t(14;18}(q32;921)
Cc 107 46-48,XX,del(51q13),1(14;18)(q32;921)
41 197+ 5 8 108 48,XX,+der(12)t{1;12){q21,q24},1{ 14;18){q32;q21)
1156 NM (Sp)
B 122 46,XX,1(14;18){q32;q21)
[ 159 46, XX
6 61+ 3 B 0 47, XXXX,1(1;6)(q21,G27),—15,+16,{17q)
D 36 48-52,XXX,1(1;11)(q21:q25),+2,+7,i(17q)
1 93 4 [of 44 49,XY,dup(1){q22g44),del(6)(q21),+7,+12,1{14;18){q32;q21),+ der(18)
[ 76 46,XY/106,XXYY,1(2;6)(321;q14),1(2;16)(p11:924),del(6)(q14),del(6)(q23),¢t(14;18)(q32;q21)
D 90 46,XY,t(2;16)(p11;q24),1(3;7)(q29:;q11),t(14;18){q32;G21)/104,XXY (2:6)(q21;q14),1{3;7)
(q29,q11),i(6p).del(6}{q14),del(6){q23),1{14;18){q32;921) (Sp)
2 119+ 4 C 36 46,XY,t{14;18)(q32:q21)
c 4 46,XY
Cc 65 46,XY,1(14;18)(q32;q21)
14 64+ 3 o 0 NM
C 25 46,XY,dup(12)(q13q23),t(14;18)(q32;q23)
D 54 46,XY,1{1;31p36;p21),dup{12)(q13q23),t{14;18)(q32;q21)

{Continued on following pags)
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APPENDIX

Cytogenetic Results in Serial Lymph Node Studies in 43 Patients Studied Between 1981 and 1991
by Pathologic Classification According to Initial Diagnosis (Cont'd}

No. mos
Survivat No. of Post-
Case No. (mos)*  Specimenst Diagnosist diagnosis Cytogenetic Results {clonal abnormalities)§
24 180 2 {initial diagnosis: C}
J 173 50,XY,del(3)(q22),+7.t{14:18){q32;921),t(17;19){q1 1, 13.3) (AF)
J 180 50,XY,t(3;13Hq22;q34},+7,+8,(14;181q32;921),t(17;19}(q11,913.3), +der(18),-20,+ 21
25 58+ 2 c 0 46,XXYY,1(1;2)(p36;p21).i(2q),-8,t(14;18)(q32;q21)
C 52 50-54, 77-78,XXY t(1;2)(p36;p21),+5:(6:15)(p11;p11),+7,+11,t{14;,181q32;92 1), + 22
33 142+ [ Cc 50 47(no furth analy poss)
c 60 NM
C 95 47 XX, 43;14)(14;18)1a29;q13932;921),der(12)t{1;12)(g21;g24),del(6){q21)
[ 127 46,48,XX,1(3;14)(14;18)(q29;913932;q21),der{12)t(1;12){g21,;924),del(6){q21),+ 15
37 75 4 C 45 46,47,XX,1(14;18){q32;921), +der(18)
c 71 47-48,XX,1114;18)(q32;q21),+ 17, +der(18)
33 56 2 C 24 46-50,XY,+2,+7,+9,+12,t{14;18)q32;q21),+ 15,+17,+21,+22
D 54 46,XY/48-54,XXY,del{1}(q32),1(1;2){q24,;921),+10,+11,+12,+13,+13,t{14;18)
{932;921),+18,+20
42 122+ 4 C 53 48,49,XX,+2,+8,+20,1(14;18){q32,921)
C 69 49,XX,+2,+12,1(14;18)(q32;921),+22
C "M 46,50-52,XX,+2,+7,+8,+14,t{14;18)(q32;921),+20
43 77+ 6 c 0 47,XY t(14;18)(q32;q21),+der(18)
C 28 46,XY/47,XY t(14;18){q32:921), +der(18)
c 38 47,XY,t(14;18)(q32;q21), +der(18)
c 39 46,XY/47,XY,t(14;18)(q32;q21),+der(18) (BM}
26 20 3 c 7 46,83-90,XY,del{6){q23)
No tumor seen 15 NM
22 86+ 4 C 26 46,XX,r
C 34 46, XX
E 55 46,XX
Intermediate
grade
8 69+ 2 D 0 46,XY,inv(9)(p12q13)
D 12 46,47, XYY,invi9){p12013),1{11;12}{q25;q913),1{14;18}iq32;921)
32 AILD-like T-
cell
lymphoma 18 3 F 2 46,XY
6 46,XY, del{8Kp21)
F 14 46,47,XY,del(8)(p21)
13 64 4 G 67 84-88,XY,1(14;18)(q32;921)
G 60 NM
2° leukemia 64 43-44,46,XY,del(5)(q13933),del(7)(q21.3),-18,-21 (PB)
48,49,X 1(X;19){q26;q13),1(1:9)(9qter—~9pter :: 1p11~1qter:: 1q21—~1qter),—1,+2,+3,
19 39 2 G 0 +3,1(3;4)(p14;p16),del(6Hq22),- 14
47,50,XX,t{1;9){9qter—~9pter:: 1p11—+1qter:: 1q21-1qter), +3,+3,1(3:4){p14;p16),+6,del(6)
J 10 {g22),-14,+18
10 9 2 G 0 45,mar
G 7 44,46,XY,del(1}{p36),del(2)(g32),del(5)(q32), +del(6}{q15921),t(8;14}(q24:932),+ 12,- 14
7 12 2 G 0 46,XX (PF)
G 1 43,X,—X,del(1)(q25),del(3}(p22)x2,dei(134q13},~17,-18
18 22 2 G 1 47,XXY,der{11(1;13){q32;914),del(6){g21),der(22)t{1;22){g21;913)
J & 46,47, XXY der{ 1)t(1;131{q32;q14},del{6Hq21},der(22}t{1;22){q21;,9 13}
27 48 3 G 16 50-51,XY,+1,t(2;4)(p26,q12),-7,+11,+12,—13,+ 15,{{17;19)(q21;p13]
D 29 NM
15 31 4 G 0 46,47 XY, del(1)(p21),del(3){q22),t(14,18;14q32:;q21;q31}
D 14 46,XY
50,XY,del{1}(p21),+1(2;3)(g31;q27);ider(2)t(2;3)(q37,p21), +5,+6,del(6)(q13),+7,-8,del(10)
G 26 (q25),t(14;18;1(q32;0921,931), +r
28 31 6 WA 1 48/%,+X,r{Y),1{6;8;14)(p21;q24;q32),del(20}{q13)
ML, NOS 21 46,X,-Y,43:3)(p26;q21),4(6;8;14)(p21;q24.932),dal{201q 13}
ML, NOS 30 46,68-84,1(6;8;14)(p21;924,q32),del(204q13)
High grade
9 34 3 H 15 46,XX/60,XX,+3,1(3;10)(p13;p15),del(4}{q31),+del{14){q24),+16,+18
H 26 48,XX,+3,t(3;10)(p13;p15),del(4)(q31),del(11){q13q23),del(14}{q24),+ 18 (Sp)

(Continued on following page)



SEQUENTIAL CYTOGENETIC ANALYSIS IN NHL 218

APPENDIX

Cytogenetic Results in Serial Lymph Node Studies in 43 Patients Studied Between 1981 and 1991
by Pathologic Classification According to Initial Diagnosis (Cont’d)

No. mos
Survival No. of Post-
Case No. (mos}*  Specimenst Diagnosis$ diagnosis Cytogenetic Results {clonal abnormalities)$
30 Ki-1
lymphoma 10 9 H 0 NM
H 0 45,46,XY,inv(2)(p25913),der(2)t(2;10}(p23q11;q11),del(4)(p14),der(5)t(2;5)(p23;q35).del
{20)(g13),-21 {PF)
H 1 NM
H 1 46,47(same markers as previously) (PF)
H 5 NMx2 (CSF)
H 9 NG (PF)
H 10 42,43,XY,inv(2}{p25q13),der{5)t(2;5){p23;q35),der()t(1;9)(q11;p24),der(20)t{14,20)
{g11;q13)(brain lesion)
17 Precursor T-
cell lymphobiastic
lymphoma 16 3 1 0 45,XY,-15
| 8 46,XY
No tumor seen 11 46,XY,+2,—15 {Sp)
23 Precursor T-
cell
lymphoblastic
lymphoma 69+ 5 | 0 46, XY
| 10 46, XY
| 13 48,XY/46,XY,inv{7}p21p15)
| 19 46, XY
38 Precursor T-
cell
lymphoblastic
lymphoma 50 5 | 1} 49,XY,+5,del(6){q24),+9,+12,14q+
| 19 NM (PF)
t 40 49,XY,t(3;7)(q24;p15)
I 41 NM (PF)
| 50 46,XY,t(3;7){q24;p15),4(3:8)(q24,q24) (PB)
35 12 5 J 0 46,47, XY,del(1){q21), +del(1){q31),1(14,18){q32;921},—17,+21
0 NM {PF)
H n 45,46, XY,t(11;13){p15.q14),t(14;181q32;21},- 17
No tumor seen 1 NM (Sp)
40 5 3 J 0 45,46, XX,—9,t{11;HSR;2)(q23;HSR;q33),1(8;14)(q24;q32) (BM)
J 5 NM
J 5 46, XX, der(7)1{2;71{q32;q32),1(8;14)(q24;q32),der{1 1)1{11;HSR;2){q23;HSR;q33),
der({19)t(1;19}(q25;q13} (PB)
20 100+ 2 J 0 46, XY
Lymphoid hyperplasia 33 47 XY,+3

All patients had B-cell lymphomas except as noted in the first column.

Abbreviations: BM, bone marrow; PB, peripheral blood; Sp, spleen; PF, pleural effusion; AF, ascites fluid; CSF, cerebrospinal fluid; NM, no mitoses or no analyzable
mitoses; WA, Wiscott-Aldrich syndrome; ML, NOS, malignant lymphoma with plasmacytoid features, not further subclassified.

*eSurvival from initial diagnosis.

t Total number of specimens, including normal bone marrows and peripheral blood not shown under Cytogenetic Results.

$ See Tabte 2 for letter code definitions of pathologic diagnosis.

§ All specimens were lymph nodes except as noted.
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